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Far-UV (1250 to 1600 A) eleetrograph of the Large Magellanie Cloud (LMC)obtained from the lunar sur-
face, The scale is ,.8 are-rain/ram, north is up, arid east is to the left.
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Ground-based photograph of the LMC in visible light (courtesy of Lick Observatory). The view is the same
as that of the far-UV electrol_'aph on the facing page• The bright e_t-west bar in visible light is inconspicu-
ous in the far UV, whereas the hot-star groupings in the outer regions of the LMC are relatively much more

conspicuous in the far UV.
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S201 FAR. ULTRAVIOLET ATLAS OF TilE LARGE MAGELLANIC CLOUD

INTRODUCTION

The Naval Research Laboratory's Far-Ultraviolet Camera/Spectrograph (Experiment
$201} was operated on the lunar surface during the Apol]o 16 m;ssion 21-23 April 1972. A
primary objective of this experiment was to obtain far-ultraviolet images and spectra of
stars, nebulas, and extragalactic objects under the low-sky-background conditions of the
lunar surface. Preliminary results of $201 were given by Carruthers and Page [ 1 ] ; other
papers have given details of the instrument [2], imagery and spectrography of the terrestrial
upper atmosl,aere and geocorona [3-5], and imagery of nebulosities in Cygnus [6]. The
companion to this report, $201 Catalog of Far- Ultraviolet Objects [ 7 ], provides a com-
pendium of photometry of stars and starlike objects in all ten $201 fMds of view.

One field of view observed during the Apollo 16 missicn included the Large Magellanic
Cloud (LMC). A sequence of pxposures beginning 22 April 1972 at 17:18.5 UT and ending
at 23.20 the same day included direct imagery in the 1050-to-1600-A and 1250-to-1600-A
wavelength ranges, with exposure times up to 10 rain and 30 min respectively, and spectro-
graphic exposures in the 500-to-1600-A and 1050-to-1600-A wavelength ranges, with ex-
posure times up to 30 min and 200 min respectively. The spectrographic data on the LMC
are described by Carruthers and [)age [8], and the LMC imagery and spectra are briefly dis-
cussed by Page and Carruthers [91, The present report will present the final photometric
reduction of the $2(I1 imagery of the LMC. The data are presented in the form of charts
representing the ultraviolet brightness vs position over the LMC (isodensity contour plots)
and a tabulated listing giving peak and integrated UV brightnesses for ind,vidual objects or

, groupings in the LMC. The data listing (available on magnetic tape, as described in Appendix
A) is presented in Appendix B in order to have it at the end of the report.

Ultraviolet observations of the LMC have also been made by other observers. These in-
clude far-UV photometry of selected areas made with the Astronom _ Netherlands Satel-
lite (ANS), from which it was concluded that the interstellar extinction curve in the LMC is
anomalous [10-12] in comparison to that found generally applicable in our own galaxy
[13]. Far-UV spectrophotometry of the entire LMC was obtained with the Apollo 17 Far-
UV Spectrometer [14]. Far-UV imagery of the LMC has been obtained from Skylab by
Henize [15] and from a sounding rocket by Smith [16].

Ground-based studies o¢ 'he LMC are extremely numerous. Particularly worthy of
mention here, for comparisor th the $201 far-UV measurements, are the Balmer-a meas-
urements of Henize and coworkers [ 17,18], the catalogs of OB associations of Lucke and
ttodge [19,20], and the LMC atlas of Hodge and Wright [21 ]. Among publications dealing
with the spectral classifications of individual early-type stars in the LMC are those of
Ardeberg et al. [22] and Walborn [23].

Manuscript submitted January 13, 1978. '_
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PAGE AND CARRUTIIERS :_

I)ATA ,END ANALYSIS

The din,ct-imagery frames from the $201 instrument covered 20°-dianleter circular
fields of view and had limiting resolution of about 2 arc-minutes at field center, degrading
tu about 4 arc-minutes near the edges. The LMC was near the edge of the field in those
frames in which it appeared; hence the resolution was typically 3 to 4 arc-minutes. Expo-
sures of 1, 3, and 10 min were taken with a LiF correcter on the electrographic Schmidt
camera (ILl exposures, wavelength range 1050 to 1600 _, frames A124, A125, and A126),
and exposure times of 3, 10, and 30 rain were taken with a CaF 2 correcter _,ICa exposures,
wavelength range 1250 to 1600 A, frames A128, A129, and A130). The frontispiece on
pages iv and v is a comparison of the 10-rain ICa exposure (frame A129) with a ground-
based visible-light photograph.

The II,i exposures on all target fields include a diffuse background due to interplane-

tary Lyman-a emission [4]. This background produced a rather high fog level on the 3-min
ILl exposures and made nearly all 10-rain ILl exposures (including that of the LMC)
unusable due to saturation of the emulsion. The LMC camera field was near the southern

lunar horizon as seen from the Apollo 16 landing site, and the LMC exposures exhibited an
additional diffuse background whose intensity was related to angle above the horizon. This
background was particularly noticeable on the ILl exposures but was also detectable on the
longer ICa exposures. Its source is not yet certain, but a likely possibility is scattering of
sunlight by dust electrostatically suspended above the lunar surface. Figures la and lb com-
pare the full-frame images of the LMC field in the 1050-to-1600-A and 1250-to-1600-A
wavelength ranges.

By happy chance the LMC is close to the lunar south celestial pole. Therefore there
was no noticeable image smearing due to lunar rotation, even in the longest (30-min 1Ca)
exposure. This allowed considerably fainter objects to be detected than in most of the other
$201 imagery.

The data frames were analyzed by scanning the flight films with a Belier and Chivens "'
PDS microdensitometer.A rasterscanof 1024 by 1024 elementsat33-#m (l.19-arc- •

minute)intervalswas used,and the quantityrecordedon magnetictapewas 100 timesopti-

caldensityd: D = i00 log1010/I.An assetof theelectrographicrecordingtechniqueisthat
theopticaldensityofthe processedemulsionisdirectlyproportionalto integratedphoton

fluxup todensitiesofabout 1.5d,and thedensity-exposurerelationshipcan be.usefully
determinedtodensitiesabove 3.0d.Preflightlaboratorycalibrationsof theinstrument's

spectra'responseand absolutesensitivitywereused todeterminetheultravioletbrightnesses

ofobserveddiffuseand pointsources.Observationsof thehydrogen geocoronaland inter-

planetaryLyman-a emissions[4] areconsistentwithothermeasurements oftheseemissions

and hence tendtoconfirmthepreflightcalibrations.

The PDS tapeswere analyzedon theUnivac1108 and 1110 computersattheJohnson

Space Center, to produce isodensity contour plots. Derails of the analysis procedures and
computer programsaregiveninthecompanion report,"8201 Catalogof Far-Ultraviolet

Objects"[7].Figures2 through9 arecontourplotsforthe 10-,3-,and 30-min ICa frames

and the 1-and 3-min ILiframes.The densitieswere typicallysmoothed by a weighted

averagingprocessbetwLwn theparticularpictureelementand thesurrovnding12 pixels.

Also,thedensityvalueswele "linearized"by correctingforthe nonlinearityof thedensity-

exposurerelation(butnot forthelaginthePDS microdensitometerresponseathigh

2
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Fig. la -- Full-field $201 imagery frame A125 including the Large Magellanic Cloud. The
wavelength range is 1050 to 1600 ,/_, and the exposure time is 3 rain. This frame is to be

compared with the frame in Fig. I b. The diagonal streaks and irregular markings in each
frame are of instrumental origin, as is the lenticular area of lower background in the

upper right and the region of slightly lower background I_ear frame center. The back-
ground incre_es toward the bottom of each frame, which _s about 4 degrees above the

southern lunar horizon as seen from the Apollo 16 landing site.
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Durs at intervals of O.IOD on frame A124, l-rain exposure, ILi (1050 to 1600 )l)
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Fig, 4 -- Density contours at intervals of 0.05D on frame A124, 1 -rain exposuri
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at intervals of 0.05D on frame A124, l-rain exposure, ILi (1050 to 1600 A)
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_m_at intervals of 0,05D on frame A125, 3-min exposure, ILi (1050 to 1600 A)
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density gradient). As noted in the $201 Catalo_ [7], this correction for nonhm'arty of the
density-exposure relation was determined from measurements of uniform gcoc(,r_)na densi-
ties on three Earth-imagery frames, with exposure times of 1,3, and 10 n'.in. Tin, linearized
density is closely represented by

D L = DM + exp[0.674 (D M - 130)°"39],

where DM is the measured density (X 100).

For any identifiable image, the integrated intensity can be determined by summing the
density volume V = Z(DL - BL), where D L is +.he linearized density (X 100) of a pixel in the
image under consideration and BL is the linearized background density Iv 100) near, but
outside of, the image, with the sum being taken over all pixels within the image. In the
LMC, determination of the true background density is particularly difficult because of the
multitude of field stars against which a particular association or other object in the LMC
must be observed. The density volume divided by the exposure, V/E, is our direct measure-
ment of far-UV flux in each image.

We looked for and detected most of the OB associations cataloged by Lucke and
Hodge [19] and many of the emission nebulas cataloged by llenize [!7]. This was done by
converting the catalog positions (right ascension and declination) to scan coordinates (x, y
and then plotting a rectangle (Ax, Ay) to match the cataloged size of the association or
nebula. These rectangles oft,en overlapped but generally fell on or ne_,r a density maximum.
The local background was determined by averaging the edgo d_,nsities on each of the four
sidesoftherectangleAxAy.

Ina few cases{LucK,.,-llodgecatalognumbers LHP9, 34, 77,107,116, and 120)the

_ea describedby Lucke and Hodge {19] isnot approximatedby asimplenorth-southor
east-westrectangle.Inthesecasestheareasummed on theDL mosaicisa northeast-south-

westrectangle,orsome curvedshape,and thelistedvalueof Ay (inthe*Y column of the

listinginAppendix B) isflaggedwithan asterisk.Inallcasestheareassummed foragiven

Lucke-Hodge (LH) associationwere made to correspondto thesame celestialcoordlnatc_on
eachofthe fourframes,and the backgroundswereestimatedinthesame way on each.

Inadditionto theseLH associationsand Henizenebulas,over130 otherdensitypeaks

were notedon D L mosaicsofeach ofthe fourframesA124, A125, A129, and A130. When

thesepeaksoccurredatnearlythesame positionon t.voor more frames,theyareclearly

foregroundstars,additionalOB associationsintheLMC not listedby Lucke and Hodge,or

pe_aps individualhot luminous LMC stars.Twenty of thes_arereadilyidentifiedasfore.
groundstars{fourof them heavilyoverexposed)listedintheSAO catalog[24l.For allof

thesedensitypeaksthebackground was determinedby notingthe firstminimum inDL in

eachof fourdirectionson themosaic{+x,+y, -x,-y)and takingtheaverageasBL.The

image "edge" was then taken at BL + 10, with no image smaller than Ax = 2, Ay ffi2. The
measured der,sity volume i_ then V = _(D L -. BL) inside this "edge." Because these density
volumes have been linesrized, they &,e much larger in Appendix B than values listed in the
S201 Catalog [7].

It was to be expected that frame A124, with the lowest exposure, would miss some of
the fainter objects and that high background on frames A125 (3-rain ILl exposure) and
A130 (30-min ICa exposure) would ob_ure some of the objects. Moreover the correction

21
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for nonlinear response is unreliable for D L ) 600. Values of V that include D L :> 600 are
therefore flagged (by an asterisk in the V/E column of Appendix B). Those values of V may
be too low. Table i gives the statistics on all images listed in Appendix B. We consider that
110 of the 122 LH associations, 110 of the 221 Henize nebulas (including nine lettered
"subnebulas"L 16 of the 20 SAO stars (of types B5 to A5), and 130 unidentified objects
have reliable density volumes V listed in Appendix B.

Table 1 -- Statistics of the Number of Far- UV Objects Measured in the LMC

.................. TFram_eA124_-=__--_--=:__==-_-I"rame-A125i-Frame A1_--229-_, Frame__A130_]

Total objects listed 429 I 439 443 _ .t44 l

Objects with V < 0 15 _ 16 20 i 19 !
Objects with V < 10 88 | 58 59 46 :
Objects measured realiably 338 / 376 378 315 i

Background range 70-123 170-382 30-296 70-917 i
J

Lucke- Hodge associations
with V :> 0 117 117 112 114 i

i

Lucke- Hodge associations
with V > 10 110 112 110 112

Lucke-Hodge associations with
V > 10 and peak density
P < 600 110 112 109 73

No. of Henize nebulas measured 157 157 157 157
Henize nebulas with V > 0 139 145 145 145
Henize nebulas with V > 10 84 108 108 121
Nebulas with V > 10 and P < 600 84 108 107 95

SAO stars with V > 0 19 19 19 20
SAO stars with V > 10 17 19 19 20
SAO with V > 10 and P < 600 16 16 16 11

Unidentified objects 110 118 123 124

Unidentified objects detected on more than one of the four frames 133
Unidentified objects detected on two frames 23

on frames 124 and 125 9
on frames 129 and 130 13

Unidentified objects detected on three frames 11
on frames 124,129, and 130 1
on frames 125,129, and 130 10
on frames 124,125, and 130 1

Unidentified objects detected on all four t'_ames 99

In several cases, two or more LH associations or Henize nebulas are grouped around a
density peak, and the measured background is sloping steeply across each area. In these
cases the areashave been combined (for example, LH9, 10, and 13 in Appendix B) and a
new, lower background has been determined for the group. The individual areas sometimes
give negative V in such cases of sloping background, as noted in Table 1, Table 2, and
Appendix B. ,:

Figures 10 through 13 give our best estimates of the background densities on frames
A124, A125, A129, and A130. In regions of irregular background, small areas (AxAy) give

22
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Fig. 12 -- Contour plot of baekgrouvd densities on frame A129, used in computing measured density-
volumes in the LMC, 1250 to 1600 A. A few values for AxAy = 2 X 2 are underlined; the rest are not plotted.
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unnaturally high BL, and large .hxAy gives h)wer than a_erage BI,. If these are ignored, the
contour lines show the general pattern of BL on each frame. Although the patterns are simi-
lar, they are not entirely consistent with the exposure times {1 and 3 rain on frames A124,
and At25; it) and 30 rain on frames A129 and A130). This reveals that neither our correc-

tion for nonhnear response nor our estimates of BL are precise.

The measured locations of identified SAO spars on the LMC frames were used, with
their known values of right ascension and declination, to compute a transformation grid
relating frame coordinates x and y to celestial coordinates a' and 5. This (a, 5) grid is plotted
in Fig. 2, along with the comput'_d locations of the associations of Lucke and Hodge [19]
(LH labels) and the Hc_emission regions of Henize [17] (N labels). It is seen, particularly

• from Figs. 2, that there is fairly good (although not perfect) cor_-elaticn of UV-bright areas
with known candidate, sources, the mismatch is generally within the expected error of the
mapping procedure.

Fig. 14 is a contour plot of the overall interstellar reddening in the LMC, based on in-
terpolation of the measurements of Lucke [20] over the entire LMC, rmlging from 0.05 for

LIt72 and foreground stars to 0.42 for Llt89. This is subject to uncertainties, due to lack of
knowledge of the small-scale variations of interstellar extinction in areas where it has not
been measured. Also, correction of the measured far-UV fluxes for extinction suffer from

the probability that the far-UV extinction curve in the LMC differs from the "'average"
interstellar extinction curve applicable to the local region of our galaxy. Nevertheless we :
have estimated the correction for extinction in providing the unreddened ultraviolet fluxes,
UF, listed in Appendix B.

These ultraviolet fluxes combine the results of Bless and Savage [13] and of Borgmml

et al. [10] with Lucke's color-excess values and our density volumes in a highly simplified
way, which we believe gives suitable values of the "unreddened flux" from blue stars in the
LMC. From Bless, Savage, Borgman, et al. we adopt the ratio

• E(),1350- V) = 4.2,
E(B - V)

where E(B - V), listed as RE in Appendix B, is Lucke's value plus 0.05 magnitude for fore-
ground color excess (somewhat less than 0.07 magnitude estimated by Borgman et al.).

Since _1350 is approximately centered on our ICa passband (1250 to 1600 A), the extinc-
tion for density volumes V measured on frames A129 and A130 (ICa, 10-min and 30-min
exposures) is 4.2 E(B - V) magnitudes, where E(B - V) is taken from Fig. 14. Thus the un-
reddened far-UV flux is "

UF (on ICa) = (V/E)100'4(42RE) = (V/E)10 l'67RE, (1)
s

where V has been normalized to a 1-min exposure by dividing by the exposure time E.

We expect that the wider ILi bandpass (1050 to 1600 A) at shorter mean wavelength
will increase the extinction, as shown in Fig. 27 of the S201 Catalog [7]. The correction to
Eq. (1) was taken from the curves for 20,000 K and 40,000 K in that figure and is approxi-
mately

UF (on ILi) = (V/E)IO 0A(5'48RE) = (V/E)102'lgRE (2)

27
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Valuesoftheunreddenedfar-UVflux,listedasUF inAppendixB,werecalculatedin
thisway;theyarefairlyconsistent,thusjustifyingtheroughapproximationsused.

DISCUSSION

Using Henize's estimates of tia surface brightnesses calibrated by Doherty et al. [18],
we calculated the Ha flux from each emission region {column labeled tlA in Appendix B)
and its ratio to the measured far-UV flux (UF). This ratio, called the "hydrogen index"
(HI), is zero or very near zero for the 35 LH associations and 140 other hot-star areas far
from Ha emission regions. The small, faint Henize nebulas have HI values about 0.05 to 0.1,

which indicates the upper limit of Ha emission not detected by ttenize.

Table 2 is a listing of the 157 Henize nebulas measured, showing the combined data
from all four frames--the mean V/E for frames A124 and A125 listed under "Ffl L," and
the mean V/E for frames A129 and A130 listed under "Fil C." These values are used to
calculate mean HI = HA/UF for frames A124 and A125 listed under "Mean HI, Fil L" and
frames A129 and A130 under "Mean HI, Fil C." Italicized values are the most reliable
{deviations less than 10%). Figs. 15, 16, and 17 are plots of small, medium, and large values
of V-_ for the nebulas in frames A124 and A125 (Fil L or ILl) vs _'_ for these nebulas in
frames A129 and A130 {Fil C or ICa) from V_ =0 to _'-/-E,= 3800, for both Henize nebulas
and LH associations. Although there are some deviants {notably LH35 and N51 at the upper
right in Fig. 15, N144 in Fig. 16, and Nl19 in Fig. 17), these figures show that V_(ILi) =
1.77 V--_(ICa) + 3 within -+10% over this large range, thus confirming the background esti-
mates fairly well.

Because V/E is 1.77 times larger on ILl frames, UF is about twice as large on ILl frames
as on ICa frames. Thus HI{ILl) _ 0.5 HI(ICa}, as listed in Table 2 under "Ratio C/L." We
averaged HI(ILl) and 0.5HI(ICa) to get a mean value of HI, contoured in Fig. 18. This shows
the distribution of atomic hydrogen across the LMC as determined from $201 far-UV meas-
urements and Henize's Ha measurements [17,18]. There seem to be seven or eight clots of
hydrogen around

..... 71 20,x 640, y 600, near N199and N200, where HI 0.91 ata 5:23.5, 5 - ° '
x = 720. y = 640, near Nl14, where H--]= 1.78 at a = 5:15.0, 5 =-69°35 ',
x = 720 y = 760, near N77, where H-i- 1.49 at a = 4:49.0, 5 -- -69°14 ',
x = 790 y = 750, near N8, where H"I= 1.35 ata = 4:54.1, 5 = -67'_51 ',
x = 820 y = 550, near N56 and N59, where H--'I= 2.26 at a = 5:35.7, 5 = -67037 ',
x -- 820 y = 590, near N51, where H--]-- 1.59 at a = 5:27.4, 5 = -67o34 ',
x = 870 y = 735, near N14, where H--I= 0.95 at a = 5:00.2, 5 = -66o18 ',
x -- 885 y = 545, near N64, where HI -- 1.19 at a = 5:37.2, 5 = -66°18 '.

Measurements of some of these areas have been made longward of 1500 A with the ultra-
violet spectrometer on board the ANS spacecraft [10].

Bright Ha regions require both hot stars (implying high UF) and plentiful interstellar
material; however, interstellar material can reduce observed far-UV brightness (V/E) due to
dust extinction and may be responsible for some of the scatter in the correlation. The
famous 30 Doradus region, for example, is not the brightest far-UV source in the LMC; this
distinction is taken by the region of LH41, or NllgA, which includes the highly luminous
A-type supergiant S Doradus.
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VISUAL MAGNITUDE

Fi_. 19 Stellar visual magnitude, in relation to effective temperature, required to produce a "standard"
density volume of 5131 [7 ], computed for various $201 exposures using the preflight instrument calibra-
tion and stellar model atmosphere UV fluxes _f Kuruez et al. [ 25 ] and assuming no interstellar extinction.
llot, unreddened stars as faint as m v = 13 si_ould he readily measurable in the longest exposures.

To compare the observed far-UV fluxes with expectations, the camera response in the
direct imaging mode was folded with model atmosphere c;dculations of Kurucz, Peytre-
mann, and Avrett [25] and the "average" far-UV extinction curve of Bless mid Savage [13l.
These predictions may not be totally applicable to the LMC, because there are indications
that the int_,rstellar extinction curve in the LMC may be anomalous [10-12]. If heavy ele-
ments are deficient with respect to hydrogen in the LMC, there may be less line blanketing
in the stellar far-UV spectra than for galactic early-type stars [8] ; hence the model atmos-

phere predictions may not be accurate. _

Figure 19 is the computed star magnitude required to produce a density volume of
5131, for the various exposures, in relation to unreddened model effective temperature.
This "standard" density volume corresponds to a conical image with peak density of 1.0 and
7 rasters fuit width and is by no means the weakest me_._urable image. (Density volumes less
by at least a factor of 100 are accurately determinable.) Further details are given in the
$201 catalog 171.
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tCnfortunately It i_ not practiced to separate the effe, t._of temperature mid of int_,r-
stellar extinction using .'.he UV mmger3.' data aloft,,, bee:rose the effect of extinction is nearly
equlv_den! t_ :l decrease ,n effective V,,mper._turt, m the waveh,ngth range covered by the ILl
and ICa exposures. ()nly if the redde_,;_lg and/or effective temperature is known front
_.q'ound-t)ased nlc_tsurt,ment._ cml the UV P,uxes I)e used to provide independent estimat_,s of
temperature mid far-t!V extinchon. Although l,ucke [ 20I ha._ estimated the extraction for
some of his ass¢×'iations and Bok and Bok [ 26 ] have mea._ured intel_q'ated visual magnitudes
and colors (B - V) for some associatmns, comparison of the present UV data and ground-
l)ascd data Is difficult because the availabh, _.q'ound-based data are incomplete and because
the $201 measurements integrate over areas whwh rare larger thin1 the individual associations
mid hence im'lude a large contributton due to field st_trs.

SUMMARY

Far-UV t,l,,ctrographs of the LM(" taken from the lunar surface on Apollo 16 have been
sc_mned with a spet'itdly tuned l'l)S microdensitometer. The digitized sctul data in units of
0.01D at scale of 1.19 art'-rain per pixel (33-vm raster) have [)een smoothed, contoured, and
corrected for an empiric_flly detemlined nonline_tr response of the $201 electrographic
cmnem, mid isodensity contour maps of the LMC exposures were generated. On computer-
printout mosaics of linearized density Ill,, the 122 l_ucke- l lodge (Ll [) associations and 157
of I lemze's nebulas (NI in the I,MC were located, the local background (BG) carefully esti-
mated for each, and density volumes (V) summed wtthin the specified areas. The far-UV
hrightnesses (V/E) were corrected for interstellar reddening (RE) in the LMC to give the un-
reddened far-UV flux (UF). All these data, as well as the ll_' flux (tlA) for the nebulas, are
listed for 1755 measurements in Appendix B.

Although an irreg_fiar background.introduced large errors in some of the [IF values, it
was possible to deriw_ meaningful wdues of the hydrogen index (till for 90 nehulas, from
which a contour plot of ill = I1A/UF is reproduced in Fig. 18, showing seven or eight clots
of mt,,rstellar hydrogen in the I,M('. Some of the devim_t,_ in otu plots of V/E(ILi) vs
V/E(ICa) m Figs. 15, 16, ml(t 17 may involve t)B stars with ahnonnai emission lines. Most of
the 210 objects plotted in Ftgs. 15.16, and 17 fall within 10"/, of the relation V/E(ILi) =
1.77V/E(lCa) + 3 over the range 0 to 3800.

Fig\ire 20 is a plot of the unidentified objects detected on at least two frames. They are
lista,d in Table 3, which gives the mean wdue of V/E from all frames measured and possible
identifications with NGC objects in some cases. Of the remaining 85 cases, some may be
foreground OB stars not listed in the SAO catalog, rind some may be stellar associations in
the LMC not listed by Lucke and tlodge [ 19]. They are worthy of further study by higher-
resolution far-UV image .ry and spectrographic',flly (such as with the IUE satellite or a Space-
lab experiment). Likewise, more detailed far-UV measurements of the known associations,
mswell as more accuraW ground-based photometry and spectrophotometry thereof, would
be useful for determinations of stellar flux distributions, interstellar extinction laws, and the
distrihutions of interstellal gas and dust in the LM('.
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Appendix A

S201-ATLAS-LISTING TAPE AND LINEARIZED-DENSITY-blOSAIC TAPES

The listing in Appendix B of this A Lia_;_ available on seven- track, 800- bit- per- inch,
odd-parity tape. The tape was written on a Univac 1110 computer under the EXEC VIII
operating system using Fortran-formatted write statements. Thus the file structure is of the
Univac SDF sequential formatted record type. A more detailed description (.,f thi_ format
can be found in the Sperry Univac 1100 Series Fortran V Librar3' Programmer Reference
(UP-7876).

There i_ one data file on this tape, consisting of 1757 data records of 132 field data
characters each. The first data record contains a title line, "$201 FAR-UV ATLAS OF TIlE

LARGE MAGELLANIC CLOUD "This is followed by a 132-character line of column head-
ings, as in AppendLx B (but not repeated). ThL. meanings of the remaining 1755 data rccords

are given in Tables A1 and A2. To ac_arnodate groups of Lll objects (see text}, there is a
different line format for them (TableY_}. Character 31 specifies the group-data-line format.

The Atlas tape file ends with a software end.of-file mark and a hardware end-of-file

mark. Table A3 gives a simple Fortran program for reading the Atlas tape. The tape has been
checked for errors, using this progran_.

Two linearized-density-mosaic tapes provide the mosaics of D L values used in summing
density volumes from frames A124 and A125 (on one tape) and A129 and A130 (on the
other tape). These two tapes were written on a Univac 1108 under the EXEC II operating
system, and each contains two files, one for each frame, covering the area from x = 475 to
x = 986 and from y = 381 to y = 830. Each file ends with a software end-of-file mark and a
hardware end-of-file mark. The simple Fortran program in Table A3 will print out the
mosaics in convenient form. The mosaics are each 145 pages long; in pair_ (290 pages) they
require larger-than-normal storage.

Other programs can be written for listing single Lucke-Hodge objects, selecting charac.
ters 68-72 with no parentheses and no asterisk in 30, for listing llenize neb,Jlas, _lecting
characters 91-98 with no parentheses, and for listing unidentified objects, selecting Jouhle
minus characters 119-12£ and parentheses or nothing in 68-76 and 91-97.
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Table A1 -- Meanings of Characters in a Normal Data Line

Characters Meaning (digits right-justified)

24 Frame number
6-8 x raster coordinate

10-12 y raster coordinate
14 Hours of right ascension
15 Separator (:)

16-19 Minutes of right ascension rounded to tenths
21-23 Degrees of declination

24 Separator (:)
25-26 Arc-minutes of declination

28-29 x-raster interval _ummed (*X)
30 × (times)

31-32 y-raster interT_,l '_ummed (*Y)
33 An asterisk (*) indicates that area *X*Y is not rectangular

34-36 Peak density at center of image (P)
37 An asterisk (*) indicates P is not a maximum

38-40 Background density (BG)
4246 Density volume of area summed (V)
4849 Exposure time in minutes (E)

50 Filter type (L or C)
52.56 Density volume divided by exposure time (V/E)

57 An asterisk (*) indicates that the density exceeds 600
58_0 Reddening, RE = E(E - V), in magnitudes, rounded to hundredths

61 An asterisk (*) indicates an RE value observed by Lucke
62436 Unreddened UV flux (UF)
68-76 LH followed by one- to three-digit numbers are LH objects, parenthe-

ses mean that the Lucke-Hodge area overlaps the area summed;
AO ; __llowed by six digits means a foreground star near the area

summed

76-79 North-south extent of LH object in arc-minutes rounded to tenths
81-84 East-west extent of LH object in arc-minutes rounded to tenths
86-89 Number of blue stars in LH object (BS)
91-98 Numbers and letters of Henize nebula or nebulas (N NO.}; parentheses

mean that the nebula area overlaps the LH area summed
98-103 Ha flux in units of 10 -4 erg/s • cm 2 • sterad, rounded to tenths, from

Henize nebula or nebulae (HA)
105-109 Hydrogen index, HI = HA/UF, rounded to hundredths
109-110 An asterisk (*) indicates an uncertain HI value; V < 10
111-120 Numbers separated by a comma or dasi, are NGC numbers associated

_ith the LH object; in one case the number starts with IC; in a few
cases an LH number in parentheses or an SAO number in paren-
theses indicatesoverlaps

119-124 Six-digitnumber ofan SAO star

125 A query(?)indicatesan uncertainSAO identification;theletterH

(onecase)ir.dicatesthatthenumber isintheHD Catalog

126-129 Visualmagnitudeof an SAO star,rounded totenths(M)

131-132 Letterand digitforspectraltypeof an SAO star(SP)
l
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Table A2 -- Meanmt_ of Characters m a Group Data Line

Characters Meaning (dlglts right-just.ified)

24 Frm,le number
i

6-8 x raster coordinate

10-12 y rasWr coordinate
14 Hours or right ascension (R.A.)
15 Separator (:)

16-19 Minutes of right ascension rounded to tenths
21-23 Degrees of declination

24 Separator (:)
25-26 Am-minutes of declination
28-30 Number ofptxelssummed ina groupofLH objects

31 An asterisk (*) indicates as_oup data line
34-36 Peak density at center of group image (P)

37 An asterisk (*) indicates that P is not a maximum
3840 Background density (BG)
4246 Density volume in the group area summed
48-49 Exposure t2me in minutes

50 Filter type (L or C)
52-56 Density volume diwded by exposure time (V/E)

57 Ar asterisk (*) indicates that the density exceeds 600
58-60 Reddening, RE = E(B - V), in magnitudes, rounded to hundredths

61 An asterisk (*) indicates an RE value observed by Lucke
62-66 Unreddened UV flux (UF)
68.77 LH followed by one- to three-digit numbers that are separated by corn- "

mas axe LH objects inthe group
79-83 Total area of the LH group in (ate-rain) 2 rounded to tenths
82-83 An asterisk (*) indicates a group
86-88 TotalnumberofbluestarsintheLH group(BS)
91-98 Numbers of Henize nebulas overlapping the LH group

III-I17 NGC numbers a_ociated with LH objects in thegroup

TableA3 --SimpleFortranProgramforReading
theLMC AtlasandMosaicTapes :,

_ Line 1: DIMENSION LINE(22) :
2: REWIND 1

' 3: 5 READ(l,1000,EN D" 100) LINE

4: 1000 FORMAT (22A6)
5: WRITE(6,1000) LINE
6: GOTO5
7: _ I00 STOP

1 8: [ END)

} 51 :")
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Appendix B

$20I ATLAS LISTLNG OF FAR-UV OBJECTS LN THE AREA OF
THE LARGE MAGELLANIC CLOUD

The $201 Atlas listing contains 458 far-UV objects in the LMC area, each detected on
one or more of the four frames: A124 (l-rain ILi exposure), A125 (3-rain ILi exposure},
A129 (10-min ICa exposure) and A130 (30-min ICa exposure. There are 26 columns, list-
ing data from four other catalogs, as well as $201 measurements of far-UV flux from 122
Lucke-Hodge associations [19] with associated NGC objects, from 156 Hentze nebulas
[17], and from 20 SAO foreground stars [24]. The column entries are defined as follows,
with astertsks on column entries flagging peculiar entries as noted:

FR. $201 Apollo frame number
X x coordinate in the PDS microdensitometer scan

Y y coordinate on the PDS microdensitometer scan
R.A. right ascension for the 1950 epoch in hours and minutes (to tenths of

minutes), obtained from the LH, Henize, or SAO catalog for objects
therein and from the xy coordinates for unidentifieo objects

DEC. declination for the 1950 epoch in degrees and arc-minutes, obtained from
the LH, Henize, or SAO catalog for objects therein and from the xy coor-
dinates for unidentifiedobjects

*X number of pixels summed along the x axis, centered at X
*Y number of pixels summed along the y axis, centered at Y. A multiplication

sign between the two values *X and *Y indicates that the cataloged size
of the object is matched by an area AxAy in units of the area of one pixel;
an asteriskindicatesthatthe AxAy areaisnot arectanglebut isslanted

orcurved.For groupedimagesthetotalnumber ofpixelssummed islisted

asa singlevaluefollowedby an asterisk,insteadof beinglistedasa product
of two values.

P The central (peak) density of the image, corrected for nonlinear red.rise but
not for PDS lag. An astexisk indicates that the image center (pixel at x, y)
i_not adensitymaximum.

BG thelocalbackground denlity,obtainedby averagingthefourdensityvalues

on thecentersofthefouraidesof therectangleAxAy from themosaicof

denaityvaluescorrectedfornonlinearres_rtse.In some imagesIK_ hasa
1/2-density-unitremainder,and thelistedvaluehas beenrounded upward

toa whole number and i_1/2 density.unithigh.

V density volume - E(D - BG) over the summed ,_r_y
E, F expoeuretime,inminutes,and filter(L = LiF,withpamband 1050 to

1600 A; C = CaF_, with pmmband 1250 to 1600 A)

V/E der_ity volume divided by expcmm_, a meagre of the flux reaching the S201
camera. An asteriak indicate, denziti_ > 600.

RE color excem in magnitudes. An axterisk indicates values measured by Lucke
[20] ; other values am interpolated from the contour plot, Fig. 14.
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Lucke'svaluesofE(B - V) intheLMC have beenincreasedby 0.05magni-

tudeforforegroundreddening(Borgman etal.[10,11]).

UF far-UV flux V/E corrected for extinction based on RE. A dash indicates a
value of V/E < 0. For ILl frames UF = (V/E)IO229(RE). For ICa frames
UF = (V/E)101'67(RE).

LH NO. number of association or cloud in the Lucke-Hodge catalog [19]. Numbers
m parentheses are assumed to be associated with the Henize nebulas
listed under N NO. or are other, overlapping LH numbers. In 23 cases,
groups of two or more LH numbers are Listed.

SIZE dimensions of the LH association or cloud in arc-minutes north-south (along
scan x) and east-west (along scan y). The summed area AxAy was
generally one raster larger in each dimension to allow for the $201
camera resolution of 3 arc-minutes. (One raster = 33 pm on the film =
1.19 arc-minutes in the sky.) In 37 cases the area published by Lucke
[20] doesnot agreewiththesedimensions,which arepresumablyonly
roughestimates.For groupedimagesthe totalareain(arc-minutes)2 is

listed, foliowed by an asterisk.
BS number of blue stars (Lucke's count [20] ) in the LH association or cloud
N NO. number of a nebula in the Henize catalog [17]. In many cases, the summed

area AxAy corresponds to several Henize nebulas; for example, 77A-E
means N77A and N77B and N77C and N77D and N77E, 8, A means N8
and N8A and 26, 27 means N26 and N27. These combinations were

selected after plotting the nebula positions and dimensions on a mosaic
of density vs x, y. The N numbers in parentheses are near unidentified
images (density maxima on two or more frames).

HA Henize's Ha intensity estimate calibrated by Dougherty, Henize, and Aller
[18] in Ha-flux units of 10 -4 erg/s'cm 2 "sterad summed for all nebulas
listed under N NO. Their calibration was as follows: Henize "T" = 1.0 X

10-4 erg/s'cm2"sterad'pixel,Henize"I''=2.0X 10-4 erg/s'cm2"sterad
•pixel,Henize"2" " 4.5 × 10-4 erg/s'cm2"sterad'pixel,Henize"3" =

7.0 X 10-4 erg/s'cm 2 "sterad'pixel, Henize "4" = 9.5 X 10-4 erg]s'cm 2'
sterad'pixel, Henize "5" = 12.0 X 10 -4 erg/s'cm 2"sterad'pixeI. Hence
the Ha intertsity of N5, Henize "Int 2," dimensions 199 by 292 arc-sec-
onds, or 2.8 X 2.8 pixels, is 4.5 X 10 -4 (2.8 × 2.8) = 35.2 X ""-4
erg]s'cm 2 "sterad. For N77A.E, the contributions of the lrwe • _pping
parts are 1.80 + 1.40 + 0.63 + 5.67 + 98.2 - 107.7, and the ciu.. aions
are 299 by 370 arc-seconds, corresponding to Ax = 5.2 pixeis and Ay =
4.2 pixeis. The summed area is 7 X 6 pixets, to allow for the $201 camera

resolution.
HI hyclm_n index,theratioHAft/F,or Ha fluxperunitof unreddenedfax-UV

t flux. A dash indicates that the memm.,_ UF is zero or negative (due to
, m_ent errors);an a__riskindicatesan uncertainvaluebecauseV is

low.

NGC NO. objectsinDreyer's"New GeneralCatalogueof Nebulaeand Clustersof

Stats" (Men. R.A.S. 49, Part 1, 1888) associated with LH amociattorm or
clouds.When more thantwo arelistedby Lucke and Hodge, onlythefirst
and lastam listedhere.
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SAO NO. number of a star in the Smithsorflan Astrophysical Observatory catalog [ 24 ]
identified with a me_xred image. In one case (R,A. = 5:32.2) a number
from the Henry Draper Catalog [28] is given, followed by tl.

M visualmagnitudefrom theSAO catalog

SP spectraltypefrom theSAO catalog
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